In the course of a screening for cytotoxic compounds from fungi four new terpenoid metabolites, named dasyscyphins A, B, C, and niveulone were isolated from fermentations of Dasyscyphus niveus strain A0101. While dasyscyphin A (1) exhibited no significant biological activities in our test systems dasyscyphin B (2) and dasyscyphin C (3) showed cytotoxic activities against human (HepG2, Hela S3, U937, Colo-320, Jurkat) cell lines with IC 50 -values of 0.5ϳ3 mg/ml while the activity of niveulone (4) was less pronounced. Only modest or weak antibiotic properties were observed for (2) and (3).
Introduction
Although Dasyscyphus species are very common and can be found almost everywhere on lignicolous substrates not much is known of their secondary metabolism and its products. From Dasyscyphella (Dasyscyphus) niveus SANK 26995 the antibacterial terpenoids F-12436 A, B, and C have been described in a patent [1] . From Dasyscyphus spp. bioactive cyclopentenones have been described recently [2] . Dasyscyphus mollissimus has been found to produce scyphostatin [3] , a compound with diverse pharmacological activities. In the following we wish to describe the isolation and biological characterization of four new terpenoids from Dasyscyphus niveus strain A0101, of which two possess potent cytotoxic activities. The elucidation of their structures is described elsewhere [4, 5] .
Materials and Methods

Producing Organism
Dasyscyphus niveus strain A01-01 was isolated from spore prints of fruiting bodies found on a rose twig collected in Mannheim, Germany. The specimen showed all characteristics of the genus and the species. The strain was maintained at 4°C on agar slants on yeast malt glucose medium (YMG) composed of (g/liter): yeast extract (4), malt extract (10), glucose (4), and agar (15), pH 5. Fermentations were carried out in 20 liters of YMG medium in a Biolafitte C6 fermenter at 22°C with aeration (2.5 liters/minute) and agitation (120 rpm). A well-grown culture (250 ml) in the same medium was used as inoculum, and the antibiotic activity was measured with samples withdrawn every day in the conventional agar diffusion assay using Nematospora coryli as test organism. After 9 days of fermentation when the antifungal activity had reached the maximum, the culture fluid was separated from the mycelia and passed through a column (30ϫ5.5 cm) containing Mitsubishi Diaion HP 21 adsorber resin. The column was washed with water and the dasyscyphins and niveulone eluted with methanol. After removal of the solvent the crude product (5.6 g) was applied onto a column (6ϫ2.5 cm) containing Merck silica gel 60. Elution with cyclohexane -ethyl acetate 1 : 1 yielded 584 mg of a mixture containing 1, 2 and 3, and elution with 100% ethyl acetate yielded 500 mg of crude niveulone (4) . Final purification of 1, 2, and 3 was achieved by preparative HPLC (Jasco model PU-1587 with multiwavelength detector) on Nucleosil RP18 (7 mm; column 250ϫ21.2 mm; flow 35 ml/minute). Elution with water -methanol 39 : 61 v/v yielded 14 mg of dasyscyphin A (1), 5 : 95 v/v 33 mg of dasyscyphin C (3), 2 : 98 v/v 23 mg of dasyscyphin B (2) (for structures see Fig. 1 ). Further purification of crude niveulone (4) by preparative HPLC on Nucleosil RP18 (7 m m; column 250ϫ21.2 mm; flow 35 ml/minute) with water -methanol 32 : 68 v/v yielded 6 mg of pure niveulone (4) . Besides compounds 1ϳ4 the crude product (5.6 g see above) contained 87 mg of mycophenolic acid and 16 mg of its methyl ester.
Biological Assays
HepG2 (DSMZ ACC 180, human hepatocellular carcinoma) and Hela S3 (ATCC CCL 2.2 human cervix carcinoma) cell lines were grown in DMEM-medium, and U937 (ATCC CRL-1593, human histocytic lymphoma), Colo-320 (DSMZ ACC-144 human colon adenocarcinoma) and Jurkat (ATCC TIB 152 human acute T cell leukemia) in RPMI medium supplemented with 10% of fetal calf serum. All media contained 65 mg/ml of penicillin G and 100 m g/ml of streptomycin sulfate. The cells (ϳ10 5 /ml) were incubated in microtiter plates with or without compounds at 37°C in a humidified atmosphere containing 5% CO 2 . Viable cells were counted under the microscope after 24 hours. The antimicrobial activities were measured according to Anke el al. [6] .
The incorporation of [2-14 C]uridine (1.96 GBq/mMol), [2- 14 C]thymidine (2 GBq/mMol) and [1-14 C]leucine (2 GBq/mMol) into RNA, DNA and proteins was assayed as described previously [7] with slight modifications. Jurkat cells, 10 5 , in RPMI medium supplemented with 10% of fetal calf serum were incubated for 24 hours with 3700 Bq of the precursors, washed and the TCA-precipitates collected on nitrocellulose filters. After drying the radioactivity was measured by liquid scintillation counting.
Results and Discussion
The fermentation of Dasyscyphus niveus and the isolation of the dasyscyphins are described in the experimental section. The elucidation of the structure of niveulone is discussed in an accompanying paper [4] while the structures of the dasyscyphins will be described elsewhere [5] .
Biological Properties
Dasyscyphin A (1) showed no effects in any of the biological assays discussed here. The antimicrobial activities of dasyscyphin B (2) and dasyscyphin C (3) are shown in Table 1 . Compound 3 inhibited the growth of bacteria at concentrations between 5ϳ100 m g/ml while antifungal properties were observed at the same concentrations. Compound 2 exhibits strong antifungal activity against Zygorhynchus moelleri, Absidia glauca (MIC 1 m g/ml) and Nematospora coryli (MIC 5 m g/ml). Niveulone (4) showed weak antifungal activity only against Nematospora coryli (MIC 80 mg/ml).
While no cytotoxic activities of dasyscyphin A (1) were observed at concentrations up to 100 mg/ml, dasyscyphin B (2) and dasyscyphin C (3) were highly cytotoxic towards Colo-320, HepG2, U937, Hela and Jurkat cells. The cytotoxic properties of niveulone (4) were much less pronounced ( Table 2) .
The effects of 2 on protein, DNA and RNA syntheses of Jurkat cells are shown in the Fig. 2 . The three macromolecule syntheses are inhibited with IC 50 values 1.3 mg/ml (proteins, DNA) and Ͼ3 mg/ml (RNA).
The structures of dasyscyphin B (2) and dasyscyphin C (3) bear some resemblance to the recently published new terpenes F-12436A and F-12436C both exhibiting antibiotic activities against methicillin-resistant Staphylococcus aureus and Enterococcus faecalis [1] and pelorol (5) which was isolated from the sponge Dactylospongia elegans [8] and later from Petrosaspongia metachromia [9] . Smenodiol (smenospongin) (6), a metabolite from a Seychellean sponge belonging to the genus Smenospongia could be considered a possible direct precursor thereof [10] . Pelorol has been described as an effective SH2-domain-containig inositol 5-phosphatase (SHIP) agonist. SHIP plays an important role in human disease like diabetes mellitus, leukemia, and others, and it is claimed to be an important potential therapeutic target [11] . 
Bacteria
Bacillus brevis 100 100
Bacillus subtilis 10 20
Corynebacterium islandicum -5
Enterobacter dissolvens --
Micrococcus luteus n.t 5
Mycobacterium phlei 5 5
Yeasts
Candida glabrata --
Candida krusei --
Candida lusitaniae n.t. 100
Candida parapsilosis --
Nadsonia fulvescens
5 5 0
Nematospora coryli 5 -
Saccharomyces cerevisiae --
Filamentous fungi
Absidia glauca (ϩ) 1 5 0
Absidia glauca (Ϫ) 1 100
Alternaria porri 100 100
Ascochyta pisi 100 20
Aspergillus ochraceus 100 20
Fusarium fujikuroi -100
Fusarium oxysporum -100
Paecilomyces variotii 100 50
Penicillium islandicum 10 50
Penicillium notatum 5 2 0
Zygorhynchus moelleri 1 100 -ϭno effects up to 100 mg/ml. 
